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V\VWHPVLQVXFKDUHDVZLWKWKHDLPRIDUWLILFLDOO\VXSSO\LQJFURSVZLWKZDWHUGXULQJWKRVHSHULRGV7KHDLPRIWKLV
ZRUNLVWRSURYLGHDPHWKRGIRUGHWHUPLQLQJVXFKVSDWLDOLQGLFDWRUV
2QHSRVVLEOHPHWKRGRIGHWHFWLQJDVRLOZDWHUGHILFLW LVE\WKHXWLOL]DWLRQRIK\GUROLPLWVZKLFKDUHW\SLFDOVRLO
PRLVWXUHFKDUDFWHULVWLFV>@,QWKHFRQWH[WRIWKLVZRUNWZRK\GUROLPLWVFRXOGKHOSWRFDOFXODWHWKHGHILFLHQF\RIZDWHU
LQDVRLO
x 7KHILHOGZDWHUFDSDFLW\)&FKDUDFWHUL]HVWKHDPRXQWRIZDWHUZKLFKUHPDLQVLQDVRLOSURILOHZKHQWKH
JUDYLWDWLRQDOZDWHUKDVEHHQGUDLQHGDZD\,WLVWKHDPRXQWRIZDWHULQ>FPFP@LQWKHVRLOURRW]RQHWKDWVWD\V
WKHUHDIHZGD\VDIWHUWKHVRLOKDVEHHQVDWXUDWHGZLWKZDWHU
x 7KHZLOWLQJSRLQW:3FKDUDFWHUL]HVWKHPRLVWXUHFRQWHQWLQ>FPFP@DWZKLFKWKHSODQWVDUHDOUHDG\QRWDEOH
WRUHFHLYHHQRXJKZDWHUIURPWKHVRLOIRUWKHLUGHYHORSPHQWDQGEHJLQWRZLOW
7KHDYDLODEOHZDWHUFDSDFLW\RIDVRLO$:&LVGHILQHGDVWKHDPRXQWRIVRLOZDWHUEHWZHHQWKHILHOGFDSDFLW\DQG
ZLOWLQJ SRLQW LW UHSUHVHQWV WKH FDSDFLW\ RI VRLO WR UHWDLQ ZDWHU WKDW SODQWV FDQ XVH ,QIRUPDWLRQ DERXW LWV VSDWLDO
GLVWULEXWLRQLVFUXFLDOIRUSODQQLQJDQGPDQDJHPHQWLQDJULFXOWXUHDQGHFRORJLFDOPRGHOOLQJ>@7KHDLPRIWKLVZRUN
LVWRSURSRVHDPHWKRGRORJ\IRUGHWHUPLQLQJWKHVSDWLDOGLVWULEXWLRQRI$:&DVDQLPSRUWDQWGURXJKWLQGLFDWRU
7KHK\GUROLPLWVQHFHVVDU\WRGHWHUPLQHWKH$:&FDQEHGHWHFWHGLQYDULRXVZD\V4XLWHRIWHQWKHZDWHUUHWHQWLRQ
FXUYHV:5&ZKLFKUHSUHVHQWVWKHLQWHUUHODWLRQVKLSRIVRLOPRLVWXUHĬDQGPRLVWXUHSRWHQWLDOhw>@DUHXVHGIRU
WKLV SXUSRVH +RZHYHU :5& PHDVXUHPHQWV LQ ODERUDWRU\ FRQGLWLRQV ZKLFK LV D FRPPRQ SUDFWLFH DUH WLPH
FRQVXPLQJDQGUHTXLUHFRPSOH[HTXLSPHQW7KLVKDVOHGWRWKHIRUPXODWLRQRIPRGHOVZKLFKHVWLPDWHSRLQWVRIWKH
ZDWHUUHWHQWLRQFXUYHĬhwZLWKWKHKHOSRIPRUHHDVLO\PHDVXUHGVRLOFKDUDFWHULVWLFVHJWH[WXUHEXONGHQVLW\
FDOFLXPFRQWHQWZKLFKDUHFDOOHGSHGRWUDQVIHUIXQFWLRQV37)>@
$V SHGRWUDQVIHU IXQFWLRQV W\SLFDOO\ KDYH D QRQOLQHDU FKDUDFWHU D QRQOLQHDU GDWDGULYHQ PHWKRG LV WKHUHIRUH
SURSRVHGWRILWWKHPLQWKLVZRUNQDPHO\D5DQGRP)RUHVWDOJRULWKP>@$IWHUGHWHUPLQLQJWKHSRLQWYDOXHVRIWKH
$:6LQWKHDUHDLQYHVWLJDWHGWKH=DKRUVND/RZODQGLQVRXWKZHVW6ORYDNLDWKHNULJLQJPHWKRGZDVDSSOLHGWRDVVHVV
LWVSDWLDOO\,QVXFKDZD\DVSDWLDO LQGLFDWRUZDVREWDLQHGZKLFKFDQKHOSWRJHWKHUZLWKRWKHU LQIRUPDWLRQZLWK
GHFLVLRQVDVWRZKHUHWKHFRQVWUXFWLRQRILUULJDWLRQV\VWHPVLQWKLVDUHDLVPRVWGHVLUDEOH
0DWHULDOVDQG0HWKRGV
2.1. Description of the study area and datasets used 
7KH=DKRUVND/RZODQGLVORFDWHGLQFHQWUDO(XURSHLQWKHZHVWHUQSDUWRI6ORYDNLD,WLVDQLPSRUWDQWDJULFXOWXUDO
DUHD VLWXDWHG LQ DZDUPDQG VOLJKWO\GU\ ]RQH7KLV UHJLRQ LV DSODLQ ORFDWHGEHKLQGPRXQWDLQV VR WKH FOLPDWH LV
UHODWLYHO\GULHUWKDQLQWKHUHVWRI6ORYDNLD7KHDQQXDOVXPRISUHFLSLWDWLRQLVXQVWDEOHXVXDOO\EHWZHHQDQG
PPDQGSUHFLSLWDWLRQLVRIWHQDEVHQWIRUVHYHUDOZHHNVGXULQJWKHYHJHWDWLRQVHDVRQ7KHIUHTXHQWRFFXUUHQFHRIGU\
\HDUVUHVXOWVLQWKHQHFHVVLW\WRFRQVWUXFWLUULJDWLRQV\VWHPVLQWKLVDUHD
7KUHHGDWDVHWVZHUHXVHGLQWKLVVWXG\WRHVWLPDWHWKHZDWHUKROGLQJFDSDFLW\DVDQLPSRUWDQWLQGLFDWRURIGURXJKW
'DWDVHW$)RUW\WKUHHVDPSOHVZHUHDYDLODEOHWKH\ZHUHDLUGULHGDQGVLHYHGDQGWH[WXUDODQGRWKHUDQDO\VHV
ZHUHSHUIRUPHG7KHILQDOGDWDVHWFRQWDLQHGWKHIROORZLQJSDUDPHWHUVWKHSHUFHQWDJHRIJUDLQFDWHJRULHVWKHUHGXFHG
EXONGHQVLW\ȡdDQGWKHSRLQWVRIWKHGU\LQJEUDQFKHVRIWKH:5&IRUWKHSUHVVXUHKHDGYDOXHVRI
DQGFP7KHODVWYDULDEOHVZHUHHVWLPDWHGXVLQJRYHUSUHVVXUHHTXLSPHQW$GGLWLRQDOO\WKH
VDPSOHVDOVRFRQWDLQHGWKHJHRJUDSKLFFRRUGLQDWHVRIWKHLQGLYLGXDOVDPSOHV
'DWDVHW%7KLVGDWDVHWFRQWDLQVGDWDREWDLQHGIURPWKHSUHYLRXVZRUNRI6NDORYD>@$WRWDORIVRLOVDPSOHV
ZHUHWDNHQIURPYDULRXVORFDOLWLHVLQWKH=DKRUVND/RZODQGV7KHVRLOVDPSOHVZHUHHYDOXDWHGE\VLPLODUODERUDWRU\
PHWKRGV DV LQ WKH SUHYLRXV GDWDVHW$V WKLV GDWD LV LQ D VXIILFLHQWO\ ODUJH TXDQWLW\ LW VHUYHG LQ WKLVZRUN IRU WKH
GHULYDWLRQRIWKH37)VE\WKHXWLOL]DWLRQRIDGDWDGULYHQPRGHO
'DWDVHW&7KLVGDWDVHWFRQWDLQVJHRUHIHUHQFHGGDWDZLWKRQO\WKHVRLOWH[WXUHLQIRUPDWLRQ,WLVWKHODUJHVWGDWD
VHWXVHGLQWKLVVWXG\DQGLVWKHUHIRUHVXLWDEOHIRUVSDWLDOLQWHUSRODWLRQ7KHSRVLWLRQVRIWKHPHDVXUHPHQWSRLQWVDUH
VKRZQRQ)LJ
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
)LJ'DWDVHW&E\ZKLFKWKHGURXJKWLQGLFDWRURQWKH=DKRUVND/RZODQGZDVHYDOXDWHG
2.2. Methodology 
5DQGRP)RUHVW5)PRGHO7KHWUDQVIRUPDWLRQRIWKHVRLOWH[WXUHGDWDWRWKHSRLQWVRIDZDWHUUHWHQWLRQFXUYHLV
EDVLFDOO\DUHJUHVVLRQWDVNZKLFKZDVVROYHGE\WKH5DQGRP)RUHVWPRGHOZLWKWKHKHOSRIdata sets A and B7KH5)
DOJRULWKPFRQVLVWVRIDVHWRIUHJUHVVLRQWUHHV7KHVHSURGXFHPDQ\RXWSXWVIURPPDQ\WUHHVHDFKRQHRIZKLFKLV
JURZQRQDERRWVWUDSVDPSOHRIWKHWUDLQLQJGDWD$ERRWVWUDSVDPSOHPHDQVWKDWHDFKWUHHLVWUDLQHGXVLQJDVDPSOH
REWDLQHGE\UDQGRPO\GUDZLQJNFDVHVZLWKUHSODFHPHQWVIURPWKHRULJLQDOGDWDVHWZKHUHNLVWKHQXPEHURIYDULDEOHV
LQWKDWGDWDVHW:LWKHDFKRIWKHVHERRWVWUDSSHGWUDLQLQJVHWVDGLIIHUHQWWUHHZLWKWKHVHDUFKHGYDOXHVRQWKHLUHQGVLV
REWDLQHG)RU WKHUHJUHVVLRQWKHVHYDOXHVDUHDYHUDJHGWRREWDLQWKHILQDO5)SUHGLFWLRQ0RUHGHWDLOVDQGDPRUH
PDWKHPDWLFDOO\EDVHGH[SODQDWLRQRIWKH5)DOJRULWKPFDQEHIRXQGLQ>@7KH5)PRGHOZDVWUDLQHGWRFRPSXWHWKH
ZDWHUFRQWHQWĬhw>FPFP@DWWKHVRLOSUHVVXUHKHDGYDOXHVhw DQGFP
ZLWKWKHVRLOWH[WXUHGDWDDQGEXONGHQVLW\DVLQSXWV7KLV³WUDQVODWLQJGDWDWKDWZHKDYHVRLOVXUYH\GDWDLQGDWDVHW&
LQWRGDWDWKDWZHQHHGVRLOK\GUDXOLFGDWD´LVZKDWWKHSHGRWUDQVIHUIXQFWLRQLVDOODERXW>@
7XQLQJRIWKH5)PRGHO7KHSURSHUPRGHOSDUDPHWHUVPXVWEHVHDUFKHGIRUE\XWLOL]LQJRSWLPL]DWLRQWRREWDLQ
SUHFLVHUHVXOWVIURPWKHPRGHO$Q5)KDVWKUHHWXQHDEOHSDUDPHWHUV WKHQXPEHURIWUHHVWRJURZWKHQXPEHURI
YDULDEOHVUDQGRPO\VDPSOHGDVFDQGLGDWHVDWHDFKWUHHVSOLWDQGWKHPLQLPXPVL]HRIWKHWHUPLQDOQRGHV7KHJULG
VHDUFKZDVXWLOL]HGE\WKHDXWKRUVLQWKHRSWLPL]DWLRQSURFHVVWRFKRRVHWKHYDOXHVIRUHDFKSDUDPHWHURIWKHPRGHO
E\FRQVHFXWLYHO\SLFNLQJWKHPIURPDJULGRISUHGHILQHGYDOXHVDQGWKHQFDOFXODWLQJWKHPRGHORXWSXWVZLWKWKHVH
SDUDPHWHUV7KHEHVWFRPELQDWLRQRIWKHSDUDPHWHUVZDVVHOHFWHGIURPWKHLWHUDWLRQLQZKLFKWKHKLJKHVWGHJUHHRI
SUHFLVLRQRIWKHPRGHOZDVDFKLHYHG7KLVSUHFLVLRQZDVHYDOXDWHGDVWKHDYHUDJHYDOXHRIPRUHUXQVRIWKHVRFDOOHG
FURVVYDOLGDWLRQSURFHVV>@
6SDWLDOLQWHUSRODWLRQRIWKHK\GUDXOLFVRLOFKDUDFWHULVWLFV$IWHUREWDLQLQJWKH5)PRGHOXVLQJGDWDVHWV$DQG
% WKLVPRGHOZDV DSSOLHG WR FRPSXWH WKH SRLQWV RI WKHZDWHU UHWHQWLRQ FXUYH IURPZKLFK YDULRXV VRLO K\GUDXOLF
YDULDEOHVZHUHGHULYHG ILHOGFDSDFLW\ZLOWLQJSRLQW DQGDYDLODEOH VRLOZDWHUFDSDFLW\7KHVHFRPSXWDWLRQVZHUH
ILQDOO\FDUULHGRXWZLWKWKHGDWDVHW&WKHODUJHVWGDWDVHWVXLWDEOHIRUVSDWLDOLQWHUSRODWLRQ7KHSRLQWYDOXHVREWDLQHG
ZHUH WKHQ LQWHUSRODWHGE\RUGLQDU\NULJLQJZKLFKZLOOQRWEHGHVFULEHGKHUHEHFDXVH LW LV DZHOONQRZQPHWKRG
6RIWZDUH5>@ZDVXVHGERWKIRUWKH5DQGRP)RUHVWFRPSXWDWLRQV>@DQGVSDWLDOLQWHUSRODWLRQ>@
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5HVXOWV
,Q WKHSUHVHQW VWXG\ WKH DYDLODEOHGDWD REWDLQHG IURPYDULRXVVRLO VXUYH\V FRQWDLQVSHUFHQWDJHVRI IRXUJUDLQ
FDWHJRULHVXVHGLQ6ORYDNLDDQGUHGXFHGEXONGHQVLW\%DVHGRQWKLVGDWDWKHFKDUDFWHULVWLFSRLQWVRIWKHZDWHUUHWHQWLRQ
FXUYHZHUHHYDOXDWHGXVLQJWKHSHGRWUDQVIHUIXQFWLRQ,QWKHVPDOOHUSDUWRIWKLVGDWDGDWDVHWV$DQG%WKHZDWHU
FRQWHQWĬDWWKHSUHVVXUHKHDGYDOXHVRIDQGFPDUHDOVRDYDLODEOH7KHVHDUH
DOUHDG\GHIDFWRWKHGDWDZHZDQWWRFRPSXWHXVLQJ5)LHWKHRXWSXWGDWDEXWDUHRQO\LQDOLPLWHGDPRXQWLQWKLV
ZRUNLWVHUYHG for building a data-driven modelIRUZKLFKERWKWKHLQSXWDQGRXWSXWGDWDDUHQHFHVVDU\7KH5)
PRGHOFUHDWHGZDVVXEVHTXHQWO\XVHGDIWHULWVYHULILFDWLRQIRUWKHFRPSXWDWLRQRIWKHPHQWLRQHGK\GUDXOLFSURSHUWLHV
LQWKHZKROHDUHDRQWKHEDVLVRIGDWDVHW&EHFDXVHLWLVWKHODUJHVWDYDLODEOHGDWDVHW7KHK\GUDXOLFSURSHUWLHVZKLFK
DUHWKHVXEMHFWRIWKLVVWXG\DUHWKHZDWHUFRQWHQWDWWKHZLOWLQJSRLQWZKLFKLVWKHZDWHUFRQWHQWDWDPRLVWXUHSRWHQWLDO
RIFP DQG WKHZDWHU FRQWHQW DW WKH ILHOGZDWHU FDSDFLW\)URP WKHVH WZRK\GUROLPLWV WKH DYDLODEOHZDWHU
FDSDFLW\±WKHGURXJKWLQGLFDWRUHYDOXDWHGLQWKLVVWXG\±ZDVGHULYHG7KHODWWHUK\GUROLPLWYDULHVZLWKWKHW\SHRI
VRLO7KHPRLVWXUHSRWHQWLDODWWKHILHOGFDSDFLW\LVDERXWFPIRUVDQG\VRLOVFPIRUORDP\VRLOVDQGFP
IRUFOD\VRLOV>@,WIROORZVWKDWWKHWDVNZDVWROHDUQWKH5DQGRP)RUHVWWRHYDOXDWHWKHSRLQWVRIWKH:5&DWWKH
VRLOZDWHUSRWHQWLDOVRIDQGFP7KHYDOXHVRIWKHILHOGFDSDFLW\IRUGLIIHUHQWW\SHVRIVRLOZHUHREWDLQHG
E\LQWHUSRODWLRQEHWZHHQWKHVHSRLQWVWKHZLOWLQJSRLQWZDVFRPSXWHGGLUHFWO\DVWKHZDWHUFRQWHQWĬDWWKHSUHVVXUH
YDOXHFP
7KHGDWDVHWV$DQG%MRLQHGWRJHWKHUFRQVLVWRIURZVIRUHYHU\PHDVXUHGSUREH,QHYHU\URZIRXUJUDLQFDWHJRULHV
DQGEXONGHQVLW\ZHUHDYDLODEOHWRJHWKHUZLWKWKHHYDOXDWHGYDOXHVRIWKHZDWHUFRQWHQWĬDWWKHSUHVVXUHKHDGYDOXHV
RIDQGFP7KLVGDWDVHWKDVURZVZKLFKLVHQRXJKIRUWKHDSSOLFDWLRQRIWKHGDWDGULYHQ
PHWKRG7KHGDWDZDVGLYLGHGLQWRWKHVRFDOOHGWUDLQLQJDQGWHVWLQJGDWDVHWV7KHILUVWRQHZDVXVHGIRUEXLOGLQJWKH
5)PRGHODFFRUGLQJWRWKHDSSURDFKGHVFULEHGLQWKHPHWKRGRORJ\VHFWLRQ7KHWHVWLQJVHWZDVXVHGIRUDQDVVHVVPHQW
RIWKHSUHFLVLRQRIWKLVPRGHOWRSUHGLFWFRPSXWHZDWHUFRQWHQWZKHUHLWLVXQNQRZQ%HFDXVHWKH5)PRGHOSURYLGHV
RQO\RQHRXWSXWYDOXHIRXU5)PRGHOVZHUHWUDLQHGIRUHYDOXDWLQJWKHZDWHUFRQWHQWĬDWWKHPRLVWXUHSRWHQWLDOV
DQGFP7KH5)PRGHOVGHYHORSHGKDYHWKHIROORZLQJSDUDPHWHUVWUHHVWKUHHRUIRXUYDULDEOHV
UDQGRPO\VDPSOHGDVFDQGLGDWHVDWHDFKWUHHVSOLWDQGWHUPLQDOQRGHVZLWKDPLQLPXPVL]HRI7KHQXPEHURIWUHHV
ZDVYHULILHGE\³RXWRIWKHEDJ´GDWDZKLFKZHUHQRWXVHGIRUWKHWUDLQLQJ7KHFRQYHUJHQFHRIWKHJHQHUDOL]DWLRQ
HUURURI5DQGRP)RUHVWDORQJWKHQXPEHURIWUHHVLQWKHIRUHVWLVGLVSOD\HGLQ)LJ7KLVILJXUHGHPRQVWUDWHVWKDWLW
GRHVQRWWDNHDODUJHQXPEHURIWUHHVWRVWDELOL]HDQHUURUHVWLPDWHRIWKHIRUHVWSUHGLFWLRQ+RZHYHUWRHQVXUHWKDW
HDFKYDULDEOHKDVHQRXJKRI D FKDQFH WREH LQFOXGHG LQ WKH IRUHVWSUHGLFWLRQZHGRZDQW WR FUHDWH D UDWKHU ODUJH
5DQGRP)RUHVWRIWUHHV


)LJ5DQGRPIRUHVWJHQHUDOL]DWLRQHUURUFRQYHUJHQFHDORQJWKHQXPEHURIWUHHV
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)RXU5)PRGHOVDUHHYDOXDWHGLQ7DEOHE\WKHFRUUHODWLRQFRHIILFLHQW5URRWPHDQVTXDUHHUURU506(DQG
PHDQDEVROXWHHUURU0$(7KLVWDEOHGHPRQVWUDWHVWKDWDOOWKHUHVXOWVRIWKHPRGHORQWKHWHVWGDWDDUHVWDEOHDQG
VXIILFLHQWO\DFFXUDWH$FRPSDULVRQZLWKWKHPXOWLSOHOLQHDUUHJUHVVLRQ0/5LVDOVRSUHVHQWLQ7DEOHZKLFKVKRZV
WKDW5)DVDQRQOLQHDUPRGHOKDVDJUHDWHUGHJUHHRISUHFLVLRQ
7DEOH&RPSDULVRQRIWKH5)DQGPXOWLSOHUHJUHVVLRQPRGHOV
0RGHOIRU Ĭ Ĭ Ĭ Ĭ
 5) 0/5 5) 0/5 5) 0/5 5) 0/5
5        
0$(        
506(        

)URPDQ DQDO\VLV RI WKHYDULDEOH LPSRUWDQFH RI WKH5)PRGHO LW FDQEH VHHQ )LJ  WKDW WKHPRVW LPSRUWDQW
YDULDEOHVZHUHWKHSHUFHQWDJHVRIWKHVWDQGWKJUDLQFDWHJRULHV7KHUGFDWHJRU\KDVEHHQGURSSHGIURPWKHPRGHO
GXHWRLWVORZGHJUHHRILPSRUWDQFHDQGLWVQHJOLJLEOHHIIHFWRQWKHDFFXUDF\RIWKHUHVXOWVWKHHYDOXDWLRQLQ7DEOH
ZDVDOUHDG\PDGHZLWKRXWWKLVYDULDEOH,WVVPDOOLQIRUPDWLRQFDSDELOLW\LVORJLFDOLWVYDOXHLVRQO\WKHVXSSOHPHQW
RIWKHVXPRIWKHSHUFHQWDJHVRIWKHRWKHUJUDLQFDWHJRULHVWRSHUFHQW0RUHRYHUWKLVYDULDEOHKDVDVPDOOHUUDQJH
RIDFWXDOYDOXHV


)LJ5DQGRPIRUHVWYDULDEOHLPSRUWDQFHSORW
7KH$:&IRUGDWDVHW&ZDVGHWHUPLQHGZLWKWKHKHOSRIWKH5)PRGHOLQWKHIROORZLQJWZRVWHSSURFHGXUHE\
XVLQJPDSDOJHEUDDQGVSDWLDOLQWHUSRODWLRQZLWKRUGLQDU\NULJLQJ)LUVWO\WKHILHOGFDSDFLW\)&ZDVGHWHUPLQHGZLWK
WKH5)PRGHODQGRQWKHEDVLVRIDPDSRIWKHVRLOW\SHV,QWKHORFDWLRQVZLWKVDQG\VRLOWKH)&LVFRQVLGHUHGDWWKH
PRLVWXUHSRWHQWLDOVRLWLVREWDLQHGE\OLQHDULQWHUSRODWLRQEHWZHHQĬDWWKHPRLVWXUHSRWHQWLDOVRIDQG
ܨܥ௦௔௡ௗ ൌ ߠଵଵ଴ ൌ ሺͳͳͲ െ ͷ͸ሻ ሺʹͲͻ െ ͷ͸ሻ כ ሺߠଶ଴ଽோி െΤ ߠହ଺ோிሻ ൅ߠହ଺ோி 
ZKHUHߠ௛௪ோி WKHZDWHUFRQWHQWDWPRLVWXUHSRWHQWLDOhwDVFRPSXWHGE\5)6LPLODUO\IRUWKHORDP\DQGFOD\VRLOV
ܨܥ௟௢௔௠ ൌ ߠଷଵହ ൌ ሺ͵ͳͷ െ ʹͲͻሻ ሺͷͷͺ െ ʹͲͻሻ כ ሺߠହହ଼ோி െΤ ߠଶ଴ଽோி ሻ ൅ߠଶ଴ଽோி  ሺʹሻ
ܨܥ௖௟௔௬ ൌ ߠହଶ଴ ൌ ሺͷʹͲ െ ʹͲͻሻ ሺͷͷͺ െ ʹͲͻሻ כ ሺߠହହ଼ோி െΤ ߠଶ଴ଽோி ሻ ൅ߠଶ଴ଽோி  ሺ͵ሻ
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7KH$:&ZDVFRPSXWHGIURPWKHILHOGFDSDFLW\)&DQGZLOWLQJSRLQW:3E\WKHIROORZLQJIRUPXOD
ܣܹܥ ൌ ܨܥ െܹܲ ൌ ܨܥ െ ߠଵହଷ଴଴ோி   ሺͶሻ
7KHLQWHUSRODWLRQRIWKLVSRLQWGDWDWRWKHZKROHDUHDRIWKH=DKRUVND/RZODQGVE\RUGLQDU\NULJLQJLVLQ)LJ
ZKLFKUHSUHVHQWVWKHVHDUFKHGIRUVSDWLDOLQGLFDWRURIVRLOGURXJKW$UHDVZLWKDORZ$:&DUHPRUHYXOQHUDEOHWR
GURXJKWSDOHFRORXUV

)LJ6SDWLDOHYDOXDWLRQRIWKHDYDLODEOHZDWHUFDSDFLW\E\RUGLQDU\NULJLQJ
&RQFOXVLRQV
7KHDXWKRUVRIWKLVSDSHUSURYLGHDVSDWLDOHYDOXDWLRQRIWKHYXOQHUDELOLW\WRWKUHDWVRIGURXJKWRIWKH=DKRUVND
/RZODQGV¶ DJULFXOWXUDO VRLOV 6ORYDNLD 7KH\ KDYH SURSRVHG D PHWKRGRORJ\ IRU XVLQJ VRLO K\GUROLPLWV DQG
SHGRWUDQVIHU IXQFWLRQV IRU WKLV WDVN 7KH VRLO K\GUROLPLWV ZHUH GHYHORSHG ZLWK WKH KHOS RI WKH 5DQGRP )RUHVW
DOJRULWKPZKLFKKDVEHHQHYDOXDWHGDVWKHEHWWHUFKRLFHLQFRPSDULVRQZLWKWKHVWDQGDUGPXOWLSOHOLQHDUUHJUHVVLRQ
7DEOH7KHPDLQUHVXOWSUHVHQWHGLQWKHSDSHULVDVSDWLDOLQGLFDWRURIVRLOGURXJKWQDPHO\WKHDYDLODEOHZDWHU
FDSDFLW\$:&7KH$:&DVGHILQHGE\(TVSHFLILHVWKHSRWHQWLDOPD[LPXPZDWHUFRQWHQWLQWKHURRW]RQHRI
VRLOWKDWLVDYDLODEOHIRUSODQWVDQGLVVSDWLDOO\HYDOXDWHGE\RUGLQDU\NULJLQJLQ)LJ7KHFRPSOHWH*,6OD\HUVIURP
ZKLFKWKLVILJXUHLVSURGXFHGDUHDYDLODEOHIURPWKHDXWKRUV
7KHUHVXOWVRIWKLVSDSHUFDQEHXVHGIRUIXUWKHUDQDO\VHVRIWKHPRLVWXUHUHJLPHRIWKHDJULFXOWXUDOVRLOVLQWKH
=DKRUVND/RZODQGV7RJHWKHUZLWKRWKHULQIRUPDWLRQHJPHWHRURORJLFDOLWFRXOGEHSRVVLEOHZLWKWKHGDWDREWDLQHG
WRILQGORFDWLRQVZKLFKDUHDSSURSULDWHIRUFHUWDLQW\SHVRIDJULFXOWXUDOSODQWVRU ORFDWLRQVZKHUHLW LVDGYLVDEOH WR
GHVLJQLUULJDWLRQV\VWHPV
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